Abstract
Introduction

44
During the last decades, investigation of the neurophysiological mechanisms underlying 45 nociceptive processing and pain perception has relied mainly on the thermal stimulation of 46 cutaneous Aδ-and C-fiber free nerve endings [17] . For example, thermal stimuli generated by 47 laser stimulators have been used extensively because of their indisputable selectivity for heat-48 sensitive nociceptors [1] . In addition, due to their high power, lasers can generate very steep recently, intra-epidermal electrical stimulation (IES) [10] and electrical stimulation using a 52 small surface concentric electrode [11] have been proposed as alternative methods to activate 53 nociceptors selectively and, thereby, explore nociception [10] . The rationale for these 54 stimulation techniques relies on the fact that nociceptive free nerve endings are preferentially 55 located in the epidermis, while non-nociceptive mechanoreceptors are mainly located more 56 deeply in the dermis. Therefore, pulses of electric current spatially restricted to the epidermis 57 could activate nociceptors selectively. These alternative methods could circumvent some 58 limitations of laser stimulation, such as skin overheating and lesion due to stimulus repetition, 59 and delay or relative desynchronization of the nociceptive afferent volley due to transduction 60 of thermal energy into a neural impulse. However, these stimulation techniques suffer from 61 their own limitations, in particular, the need to use low stimulation current intensities to 62 guarantee its selectivity for nociceptors. Indeed, it has been shown that if IES is delivered 63 using a strong intensity (e.g. an intensity corresponding to the pain threshold), the stimulus is 64 not selective for nociceptors because it also activates more deeply located low-threshold 65 mechanoreceptors [5, 18] . In particular, it was shown that selective denervation of nociceptive spatial summation, some authors have proposed to deliver short trains of electrical pulses (e.g.
77
three pulses delivered at a 5-ms inter-stimulus interval) [7, 11, 13, 16, 20, 21] , with the aim of 78 increasing the strength of the nociceptive afferent volley through temporal summation.
79
However, in these studies, the latency of the elicited ERPs was not systematically analyzed.
80
As the latency of ERP components depends on the conduction velocity of the sensory fibers, 
108
During a first session, stimuli were applied using a single pulse or a train of 2, 3 or 4 pulses 109 separated by a 5-ms inter-pulse interval. The different types of stimuli were repeated 5 times 110 in random order. After each stimulus, the participants were asked to rate the perceived 111 intensity of the stimulus using a numerical rating scale (NRS) extending from 0 to 100 (0 = 112 not perceived; 100 = maximum pain; 50 = limit between non-painful and painful domains of were grouped in 100-ms bins extending from 0 to 1000 ms.
128
Offline analyses of the EEG data were carried out using Brain Vision Analyzer 1.05 (Brain
129
Products GmbH, Germany) and Letswave 5 (Université catholique de Louvain, Belgium).
130
The continuous EEG recordings were band-pass filtered (0.5-45 Hz) and segmented into 2000 131 ms epochs extending from -500 to +1500 ms relative to stimulus onset. Artifacts produced by 132 eye blinks and eye movements were corrected using an Independent Component Analysis [9] .
133
Signals were re-referenced according to a common average reference, and baseline-corrected Furthermore, an additional set of average waveforms were computed to test the effect of 138 repetition. For each subject, the full set of epochs were split into four blocks according to trial were measured as follows. First, a negative peak (N2) was identified as the most negative 142 peak obtained at Cz within 200-300 ms after stimulus onset. Second, a positive peak (P2) was 143 defined as the most positive peak obtained at Cz within 300-400 ms after stimulus onset. The 144 peak-to-peak amplitude of the N2-P2 complex was obtained by subtracting the N2 peak 145 amplitude from the P2 peak amplitude. Third, a negative peak (N1) was identified at the 146 contralateral electrode T3 re-referenced to Fz, within 120-170 ms after stimulus onset.
147
The effect of the number of stimuli was assessed using an ANOVA for repeated measures 
Results
158
The group-level mean ±SD of the absolute detection threshold was 0.09 ±0.07 mA. With an 159 intensity set at twice the detection threshold, the mean ±SD intensity of perception (NRS) was 160 25 ±15 for a single pulse, 40 ±18 for 2 pulses; 51 ±14 for 3 pulses and 59 ±13 for 4 pulses, as 161 shown in Figure 1A . The ANOVA revealed a significant effect of stimulus type on the The present study confirms that when care is taken to position the electrode, the absolute Similarly, the amplitude of the ERPs elicited by IES was also increased by the numbers of 197 pulses. However, the relationship between number of pulses and ERP magnitude was not 198 exactly similar to the relationship between number of pulses and intensity of perception.
199
Indeed, whereas increasing the number of pulses appeared to be related to a gradual increase and P2, and the N2-P2 amplitude difference, according to the number of pulses of the intra-316 epidermal stimulation.
